GILBERT THOMPSON From the MRC Lipoprotein Team, Hammersmith Hospital, London
It soon became obvious after the introduction of lipoprotein phenotyping by Fredrickson et all that alterations in plasma lipids are largely due to inherited or acquired abnormalities of the lipoproteins on which they are transported rather than to disorders of the lipids themselves. Furthermore, it is now apparent that disturbances of lipoprotein metabolism can often be explained by alterations in the structure or function of the protein moiety, known collectively as apolipoproteins or apoproteins; these are designated individually by. the abbreviation apo followed by an alphabetical suffix, which in some instances is further qualified numerically (for example, apoA-I, apoB4,).
Hence the current trend is to analyse apoproteins as well as lipids when investigating subjects with hyperlipidaemia or attempting to detect them by screening.
Apoproteins have three main functions: they help solubilise cholesterol and triglyceride by interacting with the other major class of lipids found in lipoproteins-namely, phospholipids; they regulate the reaction of these lipids with enzymes such as lecithin: cholesterol acyl transferase (LCAT) and lipoprotein lipase; and they bind to cell surface receptors and thus determine the sites of uptake and rates of degradation of other lipoprotein constituents, notably cholesterol. A brief description of lipoprotein metabolism at this stage may help the reader appreciate the mechanistic implications of quantitative or qualitative changes in individual apoproteins.
Role of apoproteins in lipoprotein metabolism
The major steps involved in lipoprotein formation and removal are detailed in the Figure. Important is, however, limited by the fact that it reflects the opposing influences of LDL cholesterol and HDL cholesterol, the former correlating positively and the latter negatively with coronary heart disease.7 The negative correlation between HDL and coronary heart disease appears to depend mainly on its minor subfraction, HDL2, and it has been proposed that the latter provides an even better index of risk than does total HDL.8 Analysis of the small amount of cholesterol in HDL2 can now be achieved using a relatively simple precipitation method9 but has the drawback that even slight analytical errors severely bias the estimate of risk. Thus predicting coronary heart disease by measuring the lipid components of plasma lipoproteins is becoming an increas- Chylomicrons transport dietary lipids via Iymph into plasma and then get degraded to remnants (chylo and R respectively) by extrahepatic lipoprotein lipase (LPL), which is activated by apoc-II. Chylomicron remnants are then taken up by hepatic receptors which recognise the apoE on their surface. Very low density lipoproteins (VLDL) carry endogenously ynthesised triglyceridefrom the liver into plasma, where like chylomicrons they undergo partial degradation to VLDL remnants, known also as intermediate density lipoprotein (IDL) . The latter are then either taken up by the low density lipoprotein (LDL) receptor, which recognises both the apoE and the apoB1I,0 they contain (as distinctfrotn the smaller apoB48 present in chylomicrons), or are firher degraded to LDL, which contains apoBI , but not apoE. LDL in tunm undergoes catabolism via at least two majorpathways, one ofwhich is mediated by the LDL receptor. 3 High density lipoprotein (HDL) has diverse origins, much ofits lipid being derived from free cholesterol andphospholipid released during the lipolysis ofchylomicrons and VLDL as weU asfromnfree cholesterol effluxingfrom peripheral cels, whereas its major apoprotein, apoA-I, is synhesised both in the liver and small intestine. Nascent HDL particles initially become HDL3 in plasma but eventually get converted to larger HDL2 particles by the action oflecithin: cholesterol acyl transferase (LCAT), which is activated by apoA-I. ingly complex but not necessarily more precise endeavour.
Recent evidence suggests that determining the number of LDL and HDL particles present in plasma by measuring the concentration of their respective apoproteins, apoB and apoA-I, discriminates better between patients with and without coronary heart disease than does quantitating the amount of cholesterol these particles carry. 1011 Earlier, Avogaro et al had found a significant increase in plasma apoB concentrations and a significant decrease in plasma apoA-I concentrations in patients who had survived a myocardial infarct compared with control subjects of similar age but without electrocardiographic evidence of coronary heart disease.12 On the basis of univariate analyses these authors showed that apoprotein concentrations correlated with coronary heart disease as well as did serum lipids and better in older age groups.'3 Using the preferable statistical method of multivariate analysis Whayne et al confirmed that apoB concentrations correlated better with angiographically confirmed coronary heart disease than did serum cholesterol, especially in patients with a relatively mild degree of hypercholesterolaemia.'4 ApoB concentrations are higher in men than in women, whereas the reverse holds true for apoA-I,'5 and both tend to 586 group.bmj.com on June 23, 2017 -Published by http://heart.bmj.com/ Downloaded from Apoproteins: determinants of lipoprotein metabolism and indices of coronaty risk decrease after a myocardial infarct, so that blood should be taken either within 24 hours of its occurrence or several weeks later. 16 Opinions are divided about whether apoA-I really is a better index of coronary heart disease than HDL or HDL2 cholesterol.'0 13 17 LDL-apoB concentrations, however, appear to discriminate between patients with or without coronary heart disease even when they have a normal LDL cholesterol concentration.'8 If total apoB concentrations are determined in plasma by electroimmunoassay these correlate with both plasma cholesterol and triglyceride,14 the latter association presumably reflecting the amount of VLDL present, which like LDL also contains apoB. Under appropriate conditions, however, it is possible to measure LDL-apoB without interference from VLDL-apoB even in hypertriglyceridaemic plasma using radial immunodiffusion.19 Several studies have suggested that the association of hypertriglyceridaemia with coronary heart disease is not an independent one but simply reflects the inverse relation which often exists between serum triglyceride and HDL cholesterol.20 An alternative explanation has been proposed by Sniderman et al, who have shown that LDL-apoB is increased in some but not all hypertriglyceridaemic patients and have proposed that it is only those with raised LDL-apoB concentrations who are at increased risk of atherosclerosis. " This hypothesis is currently being tested in a prospective study of subjects attending a large screening centre in London.
The propensity of patients with familial hypercholesterolaemia to develop severe premature coronary heart disease is now well established and the same applies, albeit to a lesser extent, to type III hyperlipoproteinaemia.2' Both conditions are autosomal dominantly inherited, but in type III hyperlipoproteinaemia it is the ligand not the receptor which is faulty. This has emerged from studies carried out by Mahley and colleagues, and reviewed by Havel, 22 Molecular cloning of apoprotein genes Recognising the importance of genetic factors in atherosclerosis molecular biologists have now started to apply their techniques to the identification of apoprotein genes. The first to be cloned was the gene for apoA-I.2526 and having achieved this the two groups involved started to investigate patients with lipoprotein disorders. Karathanasis et al discovered a polymorphism of the apoA-I gene in two sisters with premature atherosclerosis associated with absence of apoA-I and apoC-III from plasma27 and went on to show that the apoA-I and C-III genes are adjacent,28 and that the defect responsible for the congenital absence of apoA-I and C-III was an abnormal insertion of DNA in the coding region of the apoA-I gene.29 A different polymorphism of the apoA-I gene has been shown to be common in hypertriglyceridaemic patients,30 but this does not appear to be associated with any detectable abnormalities of apoprotein metabolism and its clinical significance remains to be determined, as discussed elsewhere. 31 The apoE gene has also been cloned,32 and it seems likely that suitable cDNA probes will soon be available for all the apoprotein genes which encode apoproteins of known amino acid sequence. It is also probable that the gene for the LDL receptor will be cloned in the not too distant future, although it may take longer to do the same for apoB,00, a very large protein which has not yet been sequenced.
Conclusions
Quantitative analyses of apoA-I and apoB in plasma appear to provide additional information to that obtained by simply measuring serum lipids and may eventually replace the latter as criteria of coronary heart disease risk. This applies particularly to LDLapoB which seems to be a hitherto unrecognised but important risk factor. Qualitative analysis of apoE phenotypes by isoelectric focusing of VLDL is also useful if type III hyperlipoproteinaemia is to be correctly diagnosed. Finally, the increasing impact of molecular biology on medicine could result in the analysis of apoprotein genes becoming a relatively common investigation in lipid clinics and screening centres. If so, this would result in better delineation of the role of genetic factors in individuals with hyperlipidaemia and enable appropriate therapeutic measures to be instituted earlier and more emphatically. The hope that such measures will avert or delay the onset of premature atherosclerosis and coronary heart disease has gained considerable support from the recently published results of the Lipid Research Clinics Coronary Primary Prevention Trial3334
